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1 Introduction 



The rapid isolation of clonable antigen-specific 
T lymphocyte lines capable of mediating 
autoimmune encephalomyelitis* 

The isolation and propagation of functional antigen-specific lines of T lymphoblasts is 
described. These linos were found to recognize foreign or self antigens in association 
with accessory cells of syngeneic major histocompatibility complex genotype. 
Intravenous inoculation of a T cell reactive only against myelin basic protein led to 
development of clinical paralysis in syngeneic rats. Thus, it is possible to study biolog- 
ical function as well as antigen specificity using T cell lines. 



The nature of the receptor for antigen of T lymphocytes [1, 2], 
the involvement of gene products of the major histocompati- 
bility complex (MHC) in this receptor, and the mechanism of 
action of immune response genes are widely studied problems 
in immunology (SJ. Solution of the.« problems-would be-facili-'' 
, tated by the availability of pure populations of antigen-specific 
T lymphocytes in large quantities. Furthermore, such T cell 
lines might also be useful in investigating the pathophysiology 
of autoimmune diseases; The recent discovery of T cell growth 
factors and their effect on the continuous propagation of T 
lymphocytes has provided a method for developing T lympho- 
cyte lines and clones [4^7] with defined antigen specificity. Wc 
report that it is possible to obtain large numbers of clonable T 
lymphocytes specific for self or non-self antigens, using a one- 

_ step technique of separating selected lymphoblasts on a Ficoll 
density gradient. Tliese lymphocytes respond in viiro by pro- 

p liferating exclusively in the presence of specific antigen 

1 together with MHC-restricted anugen-presenting cells. Anti- 
I' gen specificity is retained by these T lymphocytes despite 
% propagation in vitro for months. Furthermore, a line of lym- 
IS phoblasts specifically reactive against myelin basic protein 
5| (BP) was found to be fimaional in vivo in mediating expeii- 

2 mental autoimmune encephalomyelitis (EAE). . . 

[1 3012] 



2 Materials and methods 



2.1 Iminunization of Lewis rats 



Lewis rats were inoculated incradermally with antigens emul- 
sified in complete Freund's adjuvant (CFA). Ovalbumin (OA) 
was used as a foreign antigen, and BP from guinea pigs was 
used as an autoimmune antigen. (Injection of BP in CFA 
induces EAE in Lewis rats [8]). 

Tiircc-month-old female Lewis rats were injected into each of 
the four footpads with 0.05 ml containing either BP (25 (ig; 
extracted from guinea pig spinal cords) or OA (50 (ig; Sigma 
Qiemical Co., St. Louis, MO), emulsified in equal volumes of 
phosphate-buffered saline and CFA containing 4 mg/ml of 
M. tuberculosis H37Ra (Difco, Detroit, MI) (BP/CFA or OAy 
CFA, respecrively). On day 9 after immunization, the drainr 
ing lymph nodes (LN) were removed from groups of 4 animals 
each, and suspensions of LN cells were pooled for each group 
and either assayed directly for their in vitro proliferative 
response to antigens or submitted to the selection and separa- 
tion of antigen-spedfic lymphoblasts. 
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2.2 Isolation of antigen-specific lymphoblasts 

LN cells from immunized Lewis rats were suspended (5 x 10' / 
ml) in Eagle's medium supplemented. with 1% fresh autolog- 
ous serum, 2-mercaptoethanoI (5 x 10 ^m) and antibiotics, 
_and cultured in 60-mm petri dishes (5 ml/dish) with_added anti- 
gens! OA (60 lig/ml; Table 1, group 3), purified protein de- 
rivative (PPD; 30 ng/ml; groups 4 and 7) or BP (60 ng/ml; 
group 6). Following 72 h of incubation at 37 °C in a humidified 
atmosphere plus 7.5% COj, the cells were collected, and the 
lymphoblasts were separated by centrifugation using a FicolJ 
(Pharmacia Fine Chemicals, Uppsala, Sweden) density gra- 
dient [9]. Cells were resuspended in 1 ml of HEPES-buffered 
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EaEle's medium and mixed with 6 ml of HcoU stock solution 
(12 8 K Ficoll dissolved in 30 ml medium). The ceU suspension 
was placed at the bottom of plastic tubes fitting a Beckman 
SW-27 rotor. Six ml of each of decreasing- FicoU densities of 
1 08 1.07, 1.06 and 1.05 g/mi were layered sequentially aad 
ovcrlaycred with 4 ml of medium. The gradients were cen- 
trifuged at 10000 rpm (about 14000 xg) for 60 mm at 4 C. 
The fraction containing over 90% lymphoblasts was found in 
the interface between densities of 1.06 and 1.05 g/ml. This 
fraction was recovered by pipeting. washed twice by cenmfu- 
gation, and the ceUs were cultured in vitro in Eagle's medium ^ ^ 
supplemented with 15% (v/v) of supernatant of concanavahn 
A (Con A)-stimulated lymphocytes [10], 10% horse serum, 2- 
mercaptoethanol and antibiotics, without added antigen. 
Twenty-four hours later, they were submitted to a prolifera- 
tive assay for studying their antigen specificity. 
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PPD (5 iig/ml). Cultures were fed every 2-3 days by replacing 
0 1 ml of growth medium supplemented with accessory cells 
and antigen. After 7 days of culture, the microweUs were ' 
observed microscopically for proliferation of the cloned lym- 
phoblasts. Positive wells were scored microscopically by the , 
appearance of circumscribed areas of clumps of cells showing i 
lymphoblasts, or by pulsing with ['H]dThd (1 (iQ) for the last -i 
16 h of 8 days of culture. 



by T cell line 



2.3 Proliferative assays of primed lymphocytes or selected 
lymphoblasts 

LN cells (1 X 10') from primed rats (Table 1; groups 1, 2 and 
5) were cultured in quadruplicate in flat-bottom microtiter 
wells in 0.2 ml of Eagle's medium supplemented with 1% fresh 
autologous rat serum, 2-mercaptocthanol, antibiotics and anti- 
gens in the concentrations indicated below. The proliferative 
response was determined by measuring the incorporation of 
r^Hlthymidine (1 ixCi/well. spec. act. 10 Ci/mmol = 370 GBq/ 
mmol, Nuclear Research Center, Ncgcv, Israel) that was 
added for the last 16 h of a 72-h culture. The proliferative 
response of the selected and separated specific lymphoblasts 
(Table 1: groups 3, 4, 6 and 7 and Tables 2 and 3) were tested 
using a modified procedure. Cells (2.5 x 10*) were cultured for 
36 h in each microtiter well with added accessory cel^ 
(1 X 10«) that were irradiated (1500 rd) normal syngen«cLJN 
cells. The cultures were pulsed with pH]thymidine ([^H]dThd) 
for the last 16 h. 

The following antigen concentrations, were used: OA, 125 (xg/ 
ml; SA (sheep albumin, fraction V. Sigma), 125 |ig/ml;,PPD. 
50 ug/ml; Con A (Miles-Yeda, Rehovot, Israel), 2.5 or 5 |ig/ 
ml. In the response to alloantigens, 5 x 10' responder cells 
were cultured with 5x10^ irradiated (1500 rd) stimulator 

2.4 Propagation of selected T lymphoblasts as contipiious line 

Lymphoblasts were propagated and maintained in vitro m 
Eagle's medium supplemented with 15% (v/v) supernatant of 
Con A-stimulated spleen cells [10]; 10% horse serum (Gibco, 
Grand Island, NY); nonessential amino acids (Bio-Lab, 
Jerusalem, Israel); sodium pyruvate (Bio-Lab), 2-mer^p- 
toethanol and antibiotics (referred to as growth medium). The 
cells were plated in lOO-mm petri dishes (2 x itf/ml) and were 
transferred every 3-4 days. 



2.5 Cloning of T lymphoblasts 

Cell Unes were obtained from LN lymphoblasts selected either 
against BP or PPD and propagated in vitro for 3 months, ifte 
cells were diluted to a concentration of 1 ccU/microtiter well in 
0.2 ml of growth medium containing 5x10= irradiated 
(1500 rd) syngeneic thymus ceUs and either BP (IQ |ig/ml) or 



Lewis rats were inoculated i. v. with various numbers of cells of 1 

lines that had been selected for reactivity to BP or PPD and . ? 

propagated in vitro for about 8 months. The rats were . 
observed for the development of overt paralysis of the hind 

limbs accompanied by histological evidence in the brain of ^ 

perivascular infiltration of mononuclear cells as minimal signs / 
ofEAE. 



3 Results 

3.1 Antigen specificity of isolated T lymphoblasts 

Table 1 shows a comparison of the antigen specificities a T | 
lymphocyte proliferative response of cells before and after ..^ 
selection The cells were tested for antigen specifiaty by | 
incubating them either with the specific antigen used to select | 
the lymphoblasts, or with antigens not used for selection, or | 
with irradiated allogeneic LN cells in the presence of syngeneicj 
accessory cells. LN lymphocytes from uninoculated ratsj 
(Table 1 group 1). responded to none of the antigens, except^ 
for a res^ons'e t'o ^ogenSc BN LN cells; mse:lymphocyter| 
could also be stimulated by the mitogen Con A. 

LN lymphocytes from rats inoculated with OA in CFi^ 
(Table 1. group 2) responded well to OA and showed a '^^f^ 
reactive response to SA. The population of lymphocytes also^ 
responded well to PPD, to allogeneic LN cells and to Con A.^ 
However, following selection of lymphoblasts responding tom 
OA (group 3), the selected lymphocytes responded on'y/^S 
OA and to Con A. The population lost the cross-reactivf^ 
response to SA. This indicates that selection was for clones otM 
lymphocytes responding to immunodominant determinant^ 
present on OA, but not on SA. Thj^ .ly'"P;'°<=y^^. P°P;t^?^a 
also lost the response to PPD and to allogeneic LN csUrg 
observed before selection. Note, that the selected lymphocytes^ 
showed a high specific response despite the ^^'^^^^''^''^'M 
them at a ceU concentraUon 40 times lower (2.5 x 10 welUJJ 
than that used for nonselected lymphocytes (1 X lOVwell) ang" 
after incubation for only 36 h compared to 72 h. m 

When the same population of LN cells was selected for thM 
response to PPD (group 4), upon restimulaiion the oni^ 
responses were to PPD and to the Con A mitogen. The don^ 
of lymphocytes that were observed before selection to 6^ 
responsive to the albumins OA and SA or t° .'^^"3 
cens were undetectable after selection to ^^.^^^^XM 
LN lymphocytes from rats mjected with BP m CTA also io^ 
the reactivities originaUy present again.st BP, P^^- -|« 
aUogeneic LN cells, following selection of lymphobias| 
responding to one or another antigen; compare groups 5,| 
and 7 in Table 1. 
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Table 1. Antigen specificity of proliferative response before and after selection of lymphoblasu'' 




a) Lewis rats were injccied into the footpads with OA/CFA or BP/CFA, On day 9 after immunization, the draining LN cells were assayed for 
their in vitro proliferative response to antigens either directly (no selection) or after isolation of'uniigen-specific lymphoblasts on a Ficoll 
density gradient. 

b) Proliferative responses were assayed cither after 72 h (groups 1. 2 and 5: no selection) or 36 h (selected groups 3. 4. 6 and 7). Significant 
responses are underlined. N.D. = nut detennined. 



In addition to a high degree of specificity, this method of 
separating antigen-specific lymphocytes produces a relatively 
satisfactory yield. Starting with about 5 5< lO" LN lymphocytes, 
we usually obtain about 3 X 10" lymphocytes after 72 h of cul- 
ture with; a selecting antigen. After .•■cparution on the density 
gradient, we u.sually harvest about 5x l()'-6x lO' iympho- 
bJas.ts..Tt!iis...iibout 10% pf thi:. .vtyrjijig pto.pujation can. he 
recovered, and this fractio'ii of cells demonstrates a high' 
degree of .specificity towards the selecting PPD antigen. 

It appeared that the .selected lymphoblasts were T lympho- 
C3'tes, .since neither these cells nor their proyeny had detect- 
able surface immunoglobulins or receptors for complement or 
for the Fc fragmenLs of immunoglobulins (results not shown) 
[11). Furthermore, they could be stimulated by the T cell mito- 
geas Con A and phytnhemaggliilinin. 



3.2 Isolated specific lymphoblasts recognize tJie antigen with 

MHC-syngeneic accessory cells 



We found that MHC restrictions were operative between anti- 
gen-selected lymphocytes and accessory cells. Table 2 shows 
the results of an experiment in which lymphocytes selected to 
BP were activated in the presence or absence of acces.sory cells 
of various genotypes. The lymphocytes of Lewis rat origin 
responded to BP in the presence of syngeneic accessory cells 
(63 X 10^ cpm). They responded less well (36 x 10^ cpm) in 
the presence of accessory cells from (Lewis x BN)F, hybrids, 
and Dot at all in the presence of allogeneic BN accessory cells 

■■(1 X 10^- cpm). L.BN rats' that differ from' Lewis rats only in 
genes of the MHC also failed to provide accessory cell function 
for BP-selected lymphocytes of Lewis origin (2x10^ cpm). 
Therefore, selected lymphocytes seemed to require. MHC- 

■ syngeneic accessor)' cells in addition to specific antigen for 
their stimulation. This result, ton, is compatible with the con- 
clusion that the selected lymphocytes were T lymphocytes 

■;[i2]. 



Table 2. Antigcn-prcscnting cells controlled by MHC gene 
required for efficient stimulation of selected lymphocytes"' 



. Response to a: 
None •' ■ ] 



IS (cpm±S.O.). 

Con A 



-722^119 . 
<i 18514308 

:::i.os4:£222 
; •.■..i2ii2.ii286-: 

• •..i 78i:±-3S4 . 



1859+ 135---/,.:7-518 + :618 
62668*5091 ^79351*3246 



1167 ±168 
35842±1947. 
2.065+ M*" 



9488 ±1002 
51 008 ± 2762 
. 17 646 ± 961 • 



;i) Lymphohliists (2.5 x K)') .specific lo BP which were selected and 
.separated from BP/CFA-prlmed LN cells were cultured in 
quadruplicate in flat-bottom microtiier wells in the presence or 
absence of irradiated (1500 rd) accessory LN ceils of different 
genotypes (I x lO'Vwell). The in vitro proliferative response to the 
antigens was assayed for 38 h. as described in .Sect. 2..1. 



Tlie respon.se of lymphocytes to the mitogen Con A appeared 
to be relatively less sensitive to the presence of accessory cells 
than the response to antigen [13, 14]. A. moderate but signifi- 
eanl response to Con A (7 x 10^-8 x 10-' cpm) was observed in 
the ab.sence of accessory cells, or in the presence of MHC- 
allogeneic ' accessory' cells (Table 2). However, the best 
response (79 X lO-* cpm) was obtained in the presence of 
syngeneic Lewis accessory cells. 



3.3 Propagation of T lymphoblast lines that retain antigen 
specificity 

We have been able for at least 8 months to propagate lympho- 
cytes selected to several specific antigens by culturing the cells 
in growth medium containing supernatants of lymphocytes 
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Table 3. Cloning of T lymphoblast lines 




a) Positive wells were scored by the appearance of circumscribed areas of clumps of cells shiwiiig lymplioblasK. 

b) One 96-inicrowcll plate of each type was pulsed with 1 (xQ of pHjdThri for the lasr 16 holS tlay.s ol' culture, and the thymidine incorporation 
in each microwell was measured. The mean epm of the microscopically. observed positive or negative microcultures was calculated. 

c) Qoned lymphoblasts of 20 selected wells of each type were expanded in vitro by transferring them lirsi into Ifi-mm tissue culture wells for 
4 days and then into fiO-mm petri dishes. The cloned cells were expanded in growth medium .supplemented with the appropriate antigen and 
accessor' cells ( 1(1" irradiated thymus cells/ml). After 3 days in 6()-mm petri dishes, the cells of each dome were harvested, couirted and 
restimulated in vitro by antigens. 

d) Statistically signilicaiit (p<0.(l()l) by Studcnt'.s t-test. 



Table 4. Anti-BP lymphoblast line mediates EAE" 



Anti-BP 
Anti-PPD 



21/25 
73I2S 
■ 0/10 



a) Male Lewis rats were inoculated with cclLs from 1- lymplii)lila.sl 
lines and obscrvud for dcvclcipmcnl of EAE. 



plate of each clunci) well was measurctJ by pulsing the wells 
with |-'l-l|dTlid. Table 3 shows that the mean cpm of the wells 
that nppearcU positive on inicrtwcopical examination wa.s sig- 
nificantly higher thiin that of the iu'g:i(ive wells. Furthermore, 
there w:ls no overlap in the rani;c of cpm mcasureJ in the 
positive and the negative wcll.s. Tlius. the iiiicniscopical 
examinatit)ii wa? a faithful repre.scnialion of clonal jirolifera- 
tion. Furthermore, the cells in 211 clones, lliat wt:re strongly 
p().sitive to either BP or PPD were e.xpanilcd by propai-mion 
and restimulated hy incubation i>f each antigen in Ihc presence 
' of acees.sory-cellsl Tabic -S^shows that- these propagated clones 
demonstrated strict imniunospceiricity. 



.stimulated by Con A (4. 5|. This propagation did not require 
the addition of specific antigen or of acccs.sury cells, l-lowcvcr, 
we found that adding antigen and aeecs.sory cells augmented 
the rate of cell proliferation. Furthermore, the.se lymphobla.sts 
were less fragile than lho.se propagated with Con A .superna- 
tant in the absence of antigen and acix;<!.sory cells. Immuno- 
specificity was retained after prolonged propagation wi vitro 
(not .shown) and was stimulated by the specific antigen to 
about the degree shown by selected cells in Table 1 (groups 3. 
4, 6 or 7). 



3.4 Cloning oT antigen-specifie T lymphoblasts 

Cloning of antigen-selected T lymphoblast lines was done by 
limiting dilutions, of cell numbers. The lymphobla.st lines were 
diluted to 1 cell/well and cultured together with accessory cells 
and either BP or PPD. Table 3 shows an experiment in which 
we examined 384 microculture wells containing each antigen 
and found that about 30% of the cultures showed microscopic 
clumping of lymphoblasts, as evidence of a proliferative 
response, but only in the presence of the specific selecting, 
antigen. There wa.s no evidence of a proliferative, response in 
the presence of the counterpart antigen to which the lympho- 
cytes had not been selected. 

Antigen specificity of the cloned lymphocytes was confirmed 
by measuring their proliferative response. One 96-well culture 



3.5 Anti-HP lymphobla.st line mediulcs ICAK 

To test the functional characiciislics of our T cell lines, we 
inoculated them i.v. into syngeneic Lewis rats. Table 4 shows 
that paralysis as a .sign of IZAE developed within 2-3 days in 
rats that received 10" or 2.') x 1(1" cells ofa lino thai was specifi- 
■ cally reactive against BP. This line had been propajjated in 
vitro for 4 months after .selection against BP (Table 1, 
group 6). A lymphoblast line isolated from the same popula- 
tion of LN cells for reactivity lo PPD (Table 1. group 7) was 
not active in mediating EAE (Table 4). Injection of 50 x lO' 
of the anti-PPD line failed to produce paralysi.s. A detailed 
analysi.s of the clinical course and histology of EAE mediated 
by T cell lines will be presented elsewhere." 



4 . Discussion 

The procedure described here provides a relatively rapid 
method for .selecting rat '1' lymphocytes with reactivity towards 
specific self or foreign antige'ris, The^selected lymphocytes 
responded by incorporating [^HJdThd in the presence of the 
specific antigen and MHC-compatiblc accessory cells 
(Table 2). The mitogen Con A also w.as able to activate anti- 
gen-selected lymphocytes. A population of LN lymphocytes 
that could initially respond to several different or cross-reac- 
tive antigens was dissected to select clones, showing restricted 
responsiveness (Table 1). This suggests that the selection pro- 
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cedure favors the emergence of specific immunodominant 
^ clones and does not seem to carry along clones of lymphocytes 
1 that respond to um^elated, or even to cross-reactive, antigens. 
&; This finding is not easy to explain. We know that these other 
v^ . clones were present initially, and it seemed reasonable to 
assume that they would have been triggered to become lym- 
i phoblasts by nonspecific blastogenic factors [15, 16] elabo-' 
; rated by the .antigen-selected lymphoblasts. Hence, . we 
: expected 10 find these other clones contaminating the specific 
I populations isolated by density gradient fractionation. 
I Nevertheless, such nonspecific lymphoblasts were not 
% detected. Furthermore, expansion of single clones oif selected 
r lymphocytes also failed to reveal lymphocytes reactive against 
= antigens present in the original immunization in vivo 
"■ (Table 3). Preliminary experiments performed to analyze this 
i paradox indicate that antigen-selected lymphoblasts might 
I actively suppress other clones of lymphocytes in the popula- 
i- tion by- means of extracellular factors (in preparation). 
_J Although the mechanism of selection is not entirely clear, the 
sp* selection procedure provides large quantities of clonable T 
0 lymphocytes that preserve their antigen specificity and can be 
used to approach a variety of questions. An important exam- 
^ pie is our finding that lymphoblasts selected to BP can mediate 
~ g EAE (Table 4). I.v. injection of 10' selected lymphoblasts led 
I to acute paralysis of Lewis rats within 2-3 days. This dose of 
S . selected T lymphocytes was at least two orders of magnimde 
less than the number of cells needed for passive transfer using 
unselected LN lymphocytes. Furthermore, the T cell line pro- 
duced disease in less than one-half the time required using 
primed, unselected lymphocytes [17]. These findings indicate 
that T lymphocytes, apparently reactive against BP alone, are 
sufficient to mediate clinical EAE. The availability of this line 
_!v rnakes it feasible to study how such T lymphocytes actu- 
y produce paralysis. Iri addition, we have preliminary evi- 
ice that immunization of rats against the anti-BF T cell line 
markedly decrease their susceptibility to induction of 
': Hence, antigen-specific T cell lines might be used to 
r the clinical course of autoimmune conditions. 
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